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Description 

Background of ttie Invention 

This invention relates generally to fans having 
several blades used to move a fluid such as air. In 
particular, the invention features a fan having 
blades with variable skew. (I.e., the blade skew 
varies between at least two of the fan blades.) 

Fans are typically constructed with identical 
blades that are attached at a common hub, the hub 
being rotated by, e.g., an electric motor through a 
shaft attached to the hub, see for example docu- 
ment US-A-4 569 632. The blades are usually 
evenly spaced around the periphery of the hub. 
When the inflow velocity of air entering a fan varies 
(especially circumferential variations), the fan will 
often generate audible tones at frequencies cor- 
responding to the blade passing frequency (i.e„ the 
frequency at which the blades pass a fixed point) 
and multiples of the blade passing frequency. 

In order to reduce the magnitude of these 
tones, fans have t>een constructed with blades lo- 
cated at uneven intervals around the periphery of 
the hub. (See. e.g.. U.S. Patent No. 3,315,748 to K. 
W. Parsons et al.) When the blades are unevenly 
spaced, tones are generated at the same frequen- 
cy as the frequency at which the shaft rotates, and 
at multiples of that frequency. Since the shaft rota- 
tion frequency Is much less than the blade passing 
frequency, the total number of tones generated 
within any frequency band is much greater than in 
the case of evenly spaced blades, and the strength 
of each tone is correspondingly reduced. If re- 
duced sufficiently, these tones can t>ecome Inaudi- 
ble due to the masking effect of various broadband 
noise sources, including the fan itself. A further 
advantage of having blades that are unevenly 
spaced Is that the frequency of the lowest fre- 
quency tones produced is In a frequency range 
where the human ear is relatively insensitive. In this 
way fan noise can be made less objectionable. 

DE-C-3 801 353 discloses a fan for use as 
propellers or jacketed air screws where it Is desir- 
able to be able to vary blade pitch mechanically. 
The blades have varying sweep angles and are 
equally spaced at the hub to facilitate adjustment 
of blade pitch. 

The invention generally features an axial flow 
fan that achieves the advantages of having the 
blades unevenly spaced without sacrificing perfor- 
mance as do previous fans that employ uneven 
blade spacing. The fan of the invention, unlike 
previous fans, uses blades that are essentially 
evenly spaced near the hub. but have variable 
spacing near the tip sections of the blades, to 
reduce audible tones. Since the noise produced by 
the sections of the fan blades near the hub is 



negligible compared to the noise produced by the 
tip sections of the blades, the advantages of ur>- 
even blade spacing are realized by having only the 
tip sections of the blades unevenly spaced. This Is 
5 achieved by varying the "skew" of at least two of 
the blades. Skew is defined as the angle between 
ft\e midpoint of the blade root and the midpoint of 
the blade tip. and is explained in greater detail 
below. 

10 The fan of the invention generally comprises: a 
central hub rotatable on an axis; and a plurality of 
blades extending from the hub. each of the blades 
comprising a root portion adjacent to the hub. and 
terminating in a tip portion, wherein said fan Is a 

75 single piece, injection molded, said blades t>eing 
integrally moulded with said hub. the root portions 
of the blades t)eing approximately evenly spaced 
around the hub; wherein each of the blades exhib- 
its a curvature from the root portion of the blade to 

20 the blade's tip portion, the curvature being In a 
plane that is perpendicular to the axis on which the 
fan rotates; and wherein the cun^ature differs t)e- 
tween at least two of the blades, such that the 
distance between the tip portions of at least two 

25 sets of adjacent blades is unequal. 

In one preferred embodiment, the blades are 
"backskewed" (i.e., skewed in a direction opposite 
to the direction of rotation of the fan), and each of 
the blades is skewed by a different amount. In 

30 another preferred emtxKjiment, the fan includes at 
least two identical groups of blades. The distance 
between the blade tips of at least two sets of 
adjacent blades varies by at least a factor of 1.5. 
The blade tips are connected by a band. 

35 

DETAILfD DESCRIPTION OF THE PREFERRED 
EIMBODIMENTS 

Drawings 

40 

Rg. 1 is a plan view of a fan according to the 
invention. 

Rg. 2 is a plan view of a second embodiment 
of the invention. 

45 

Structure and Operation 

Refemng to Rg. 1. a fan 10 has a cylindrical 
hub section 12 for housing a motor (not shown). 

50 The motor shaft is attached to the hub at aperture 
14 and thus rotates the fan. A plurality of blades, 
blades 16-19 being shown as illustrative, extend 
radially outward from hub 12 to their respective 
tips, where they are joined to band 1 1 . 

55 The fan blades have different shapes, with 
each of the blades having a different "blade skew." 
The blade skew is defined as the angle A^ t>etween 
the midpoint (Mr) of the blade root and the mid- 
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point (Mt) of the blade tip. As can be seen In Rg. 

1, ttie skew angle Ab is substantially greater for 
blade 17 than for blade 18. However, all blades are 
approximately evenly spaced at the hub so that the 
distance between the midpoints Mr ofeach blade s 
root in fan 10 is approximately equal. Since the 
blades have a variable skew as described above. 

the distance t>etween the tips of the blades will 
vary. I.e., the distance between the midpoints M, 
will vary, achieving the advantages of reduced io 
noise described above. Since the blades are even- 
ly spaced at the hub. however, the hub will have a 
high solidity resulting in superior aerodynamic per- 
formance, as explained in detail below. 

A disadvantage of having uneven blade spac- is 
Ing is that the aerodynamic performance can be 
degraded, particularly for the sections of the blades 
near the hub, which work at a higher "non-dimen- 
sional k>ading'' than the sections of the blades near 
the tips of the blades. Non-dimensional loading is 20 
the ratio of the change of pressure across the fan 
to the product of the density of the fluid moved by 
the fan and the square of the speed of the fan 
blades. Since non-dimensional loading is inversely 
proportional to the square of the blade speed, and 25 
because the speed of the tips of the blades Is 
greater than the speed of the sections of the 
blades near the hub. fans are more heavily loaded 
near the hub, and therefore require a higher solidity 
near the hub than near the tip sections. This solid- 30 
ity is often limited by the requirement that the fan 
be injection moldable (i.e., the blades cannot over- 
lap). If the root sections of the blades are unevenly 
spaced, the requirement that the blades not overiap 
will further limit blade design In the areas where 35 
the blades are close together. In those areas where 
the blades are spread further apart, high solidity 
will be achievable only by increasing blade chords, 
which In tum will Increase the projected width of 
the fan. In applications such as automotive cooling 40 
systems, where the fan must t>e compact, this 
Increase in fan width is often not acceptable, so the 
solidity at the blade root will be made smaller than 
aerodynamic considerations deem desirable. As 
explained atwve. however, the present invention 45 
uses blades with varied skew to achieve the advan- 
tage of varied spacing at the tips of the blades, 
while maintaining even spacing near the hub, re- 
sulting in high solidity near the hub. 

As described above, the preferred embodiment so 
is a fan with blades whose skew distribution varies 
from blade to blade. However, two or more Iden- 
tical groups of blades may be used, each of which 
would contain at least two blades. Referring to Rg. 

2, a fan 20 is shown that comprises two Identical 55 
blades 22 and two Identical blades 24, forming at 
least two Identical groups of blades (i.e., each 
group Includes one blade 22 and one blade 24). 



The use of Identical groups makes It easier to 
design a fan that is tx)th dynamically and statically 
balanced. Using identical groups of blades also 
reduces the number of different blade designs. 

The preferred emlxxJiments are merely illustra- 
tive and other embodiments are within the scope of 
the appended claims. 

Claims 

1. An axial flow fan comprising: 

a central hub rotatable on an axis; and 
a plurality of blades extending from said 
hub. each of said blades comprising a root 
portion adjacent said hub and terminating in a 
tip portion; 

wherein said fan Is a single piece, injection 
molded, said blades being integrally molded 
with said hub; said root portions being approxi- 
mately evenly spaced around said hub; 

wherein each of said blades exhibits a 
curvature from said root portion to said tip 
portion, said curvature being In a plane that Is 
perpendicular to said axis; 

said fan being characterised in that 

said curvature differs between at least two 
of said blades, such that the distance between 
the midpoint of said tip portions of at least two 
sets of adjacent blades Is unequal. 

2. The fan of claim 1 wherein said blades are 
t>ackskewed. 

3l The fan of claim 1 comprising at least two 
identical groups of blades. 

4. The fan of claim 1 wherein the distance be- 
tween said blade tips of said at least two sets 
of adjacent blades varies by at least a factor of 
1.5. 

5. The fan of claim 1 where said blade tips are 
connected by a band. 

PatentansprUche 

1. Axialstromventilator, bestehend aus: 

einer zentralen. auf einer Achse rotierend gela- 
gerten Ventilatornat>e; und einer Vielzahl von 
der Ventilatomak)e ausgehenden VentilatorblMt- 
tem, dat>ei tDesteht jedes der Ventilatorblatter 
aus einem FuBalJschnitt in der Nahe der Venti- 
latomafc)e und endet In einem Spitzenat)schnitt, 
wot>ei der Ventilator aus einem einzigen StUck 
besteht, Im SpritzguBverfahren hergestellt wird. 
die Ventilatorblatter Integral mit der Ventilator- 
nabe vergossen sind, und die FuBal)schnitte 
der Ventilatorblatter ungefahr gleichmafiig rund 
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urn die Ventilatomabe verteitt sind; 
vrobei jedes der Ventilatorbiatter einen Kurver>- 
vertauf vom FuBabschnitt bis zum Spitzenab- 
schnitt aufweist, wobei der Kurvenveriauf in 
einer Ebene liegt. die senkrecht zur Achse 
veiiaiift, 

wobei der Ventilator dadurch gekennzeichnet 
ist. daB der Kurvenveriauf bei mindestens zwei 
der Ventilatorblatter abweichend Ist, so dafi der 
Abstand zwischen den Mittelpunkten der Spit- 
zenat)schnitte von mindestens zwei Satzen bo- 
nachbarter Ventilatorblatter ungleich Ist 

2. Ventilator entsprechend Anspruch 1 . wobei die 
Ventilatorblatter eine RUckwartsschragung auf- is 
weisen. 

3. Ventilator entsprechend Anspruch 1, der min- 
destens zwei identische Gruppen von Ventilen 
torblattem aufweist. 20 

4. Ventilator entsprechend Anspruch 1 . wobei der 
Abstand zwischen den Blattspitzen von minde- 
stens zwei S3tzen benachbarter Ventilatorblat- 
ter um einen Faktor von mindestens 1,5 at>- 25 
weicht. 

5. Ventilator entsprechend Anspruch 1. wot>ei die 
Spitzen der Ventilatorblatter durch ein Band 
miteinander verbunden sind. 30 

Revendlcations 



in^gale. 



4. Ventilateur selon la revendtcation 1. dans le- 
quel la distance entre lesdites extr^mrt^s des 
pales desdits au moins deux groupes de pales 
adjacentes varie d'un facteur au moins egal h 
1.5. 

5. Ventilateur selon la revendication 1. dans le- 
quel lesdites extr§mit§s des pales sont relives 
par une bande. 



2. Ventilateur selon la revendication 1, dans le- 
quel lesdites pales ont une incltnaison r^trogra- 

5 de. 

3. Ventilateur selon la revendication 1, compre- 
nant au moins deux groupes identiques de 
pales. 

10 



1. Ventilateur k ^coulement axial, comprenant : 

- un moyeu central capable de toumer sur 35 
un axe ; et 

- une plurality de pales qui s'^tendent de- 
puis ledit moyeu, chacune desdites pales 
comprenant une partie de racine adja- 
cente du moyeu et se terminant dans 40 
une partie d*extr6mit6 ; 

dans lequel ledit ventilateur est d*une 
seule pi§ce moul^e par injection, lesdites 
pales ^tant moul^e de fagon int^gr^e 
avec ledit moyeu ; lesdites parties de 45 
racine dtant espacees de fagon approxi- 
mativement ^ale autour dudit moyeu ; 
dans lequel chacune desdites pales pr6- 
sente une courbure depuis ladite partie 
de racine jusqu*^ ladite partie d'extr^mi- 50 
te. ladite courbure 4tant dans un plan qui 
est perpendiculaire audit axe ; 
ledit ventilateur 4tarrt caract6ris6 en ce 
que ladite courbure diffdre entre au 
moins deux desdites pales, de telle sorte 55 
que la distance entre le point median 
desdites parties d'extr^mit^ d'au moins 
deux groupes de pales adjacentes est 
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- 6 - 
CLAIMS 

1 , 1. An axial flow fan comprising: 

2 a central hub rotatable on an axis; and 

3 a plurality of blades extending from said hub, 

4 each of said blades comprising a root portion adjacent 

5 said hub, and terminating in a tip portion, said root 

6 portions being approximately evenly spaced aroxind said 

7 hub; 

8 wherein each of said blades exhibits a 

9 curvature from said root portion to said tip portion, 

10 said curvature being in a plane that is perpendicular to 

11 said axis; and 

12 wherein said curvature differs between at least 

13 two of said blades, such that the distance between the 

14 midpoint of said tip portions of at least two sets of 

15 adjacent blades is unequal. 

1 2. The fan of claim 1 wherein said blades are 

2 backskewed . 

1 3. The fan of claim 1 comprising at least two 

2 identical groups of blades. 

1 4. The fan of claim 1 wherein the distance 

2 between said blade tips of said at least two sets of 

3 adjacent blades varies by at least a factor of 1.5. 

1 5. The fan of claim 1 where said blade tips are 

2 connected by a band. 



